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R229b-lobe remain to be revealed. The story
of STDP within the mushroom body,
already rich and complex, is just
beginning.
It will be important to know how
neuromodulators like octopamine
affect other points within the
olfactory system. Octopaminergic
neurons are widely branching,
extending into the antennal lobe and
the mushroom body [17]. Although
Cassenaer and Laurent [5] restricted
application of octopamine to the
b-lobe, it will be interesting to
evaluate its other effects, which may
be systemic, and may affect the ways
output from the mushroom body is
interpreted downstream. It will be
interesting as well to explore
mechanisms by which STDP tags
synapses, particularly with respect
to possibly analogous
tagging mechanisms observed in
mammals [18,19]. The recent
development of a behavioral
paradigm for assessing associative
learning in locusts [20] will allow
researchers to tackle these problems
from physiology to behavior in
a single animal. This will be an
important step to understanding
the formation of associative
memories.References
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Pericentriolar Material-Like Structure
in Yeast MeiosisDuring meiotic prophase in fission yeast, the nucleus undergoes dramatic
oscillatory movements. A newly identified structure, the radial microtubule
organizing center (rMTOC), mediates these movements and shares some
of the features of the pericentriolar material in higher eukaryotes.Alexander Dammermann1,
Lubos Cipak1,2, and Juraj Gregan1,*
The microtubule cytoskeleton
undergoes dramatic rearrangements
during the cell cycle in order to create
various specialized structures such as
themitotic spindle [1]. During prophase
of fission yeast meiosis, microtubules
are reorganized to form a single radial
array associated with the spindle pole
body (SPB), the yeast centrosome
equivalent. This structure facilitates
oscillatory movements of the nucleus,so-called horsetail movements, which
have been shown to be important for
meiotic recombination and proper
segregation of chromosomes [2,3].
This process requires conversion
of interphase microtubule bundles
generated from multiple microtubule
organizing centers (MTOCs) into
a single radial microtubule (rMT) array.
At the end of prophase, microtubules
need to be reorganized again to
allow formation of a bipolar spindle
(Figure 1). How are these dramatic
reorganizations of microtubulecytoskeleton accomplished? A new
study published in this issue of
Current Biology [4] shows that the
transient generation of a novel
microtubule organizing center called
the radial microtubule organizing
center (rMTOC) underlies formation
of the radial microtubule array during
meiotic prophase.
Performing EM tomographic
reconstructions of cells undergoing
meiotic prophase, Funaya et al. [4]
made the exciting observation that
microtubules do not emanate directly
from the spindle pole bodies as
previously thought, but rather from an
electron-dense area located a distance
of 30–180 nm away from the spindle
pole body. They call this area the
radial microtubule organizing center
(rMTOC). This observation was
unexpected because previous studies
showed interphase microtubules to be
located in close proximity to the
spindle pole body [5].What dowe know
about this rMTOC and how is it
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Figure 1. The microtubule cytoskeleton undergoes dramatic rearrangements during fission
yeast meiosis.
(A) In interphase, microtubule bundles are generated from multiple microtubule organizing
centers and associate laterally with the nuclear envelope. (B) During prophase, microtubules
form a single radial array associated with the spindle pole body. (C) After duplication of the
spindle pole body, the metaphase spindle is formed from overlapping arrays of microtubules
extending from opposite spindle poles.
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Figure 2. The rMTOC, a novel microtubule organizing structure in fission yeast with similarity
to the pericentriolar material in higher eukaryotes.
(A) Thecentrosome inhighereukaryotes.Centriolesact asa focalpoint for the recruitmentofperi-
centriolar material proteins, including the microtubule nucleator g-tubulin. (B) The yeast spindle
pole body in fission yeast. During meiotic prophase, an Hrs1/Mcp6-dependent structure called
the rMTOC assembles around the spindle pole body and organizes a radial microtubule array.
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R230assembled? Formation of the rMTOC
depends on Hrs1/Mcp6, a previously
identified meiosis-specific component
of the spindle pole body [6,7]. Elegant
immunoelectron microscopic studies
now show that Hrs1/Mcp6 protein is
also enriched at the rMTOC site along
with g-tubulin, a protein which plays
a key role in microtubule nucleation.
Based on these observations, as well
as previous work identifying potential
direct protein–protein interactions
between Hrs1/Mcp6, the g-TuRC
component Alp4 and the spindle pole
body component Kms1 [6,7], Funaya
et al. propose that Hrs1/Mcp6 forms
a bridge between the spindle pole body
and the minus ends of cytoplasmic
microtubules. To verify this model,
it will be important to analyze the
localization of other spindle pole
body components and compare
them to that of Hrs1/Mcp6 as
well as to systematically map
Hrs1/Mcp6-interacting proteins and
analyze functional consequences
of disrupting these interactions.
The molecular mechanism ofHrs1/Mcp6-mediated rMTOC
assembly remains currently unclear.
However, the fact that Hrs1/Mcp6
interacts with itself and is able toproduce electron-dense aggregates
when expressed ectopically suggests
that Hrs1/Mcp6 may serve as
a structural scaffold for the rMTOC.
In their study, the authors draw
a parallel between the newly identified
rMTOC and the pericentriolar material
that surrounds centrioles in animal
centrosomes (Figure 2). It is not clear
how far these similarities extend. Both
rMTOCs and centrosomes form radial
microtubule arrays, although there are
far more microtubules associated
with the centrosome than the rMTOC
(up to 1,000 in a metaphase-stage
Caenorhabditis elegans embryo
[8], compared tow20 in
Schizosaccharomyces pombe
meiosis). Besides locally generating
microtubules via g-tubulin-mediated
nucleation and capping, rMTOCs also
provide structural integrity to resist
the forces exerted on microtubules
by the cell cortex. In the case of the
pericentriolar material, structural
integrity is provided by a filamentous
matrix that serves as a scaffold for
the assembly of loosely bound
components such as g-tubulin [9].
Whether a similar scaffold, perhaps
composed of Hrs1/Mcp6, underlies
assembly of the rMTOC is not known. In
the absence of further characterization
of the rMTOC, it is not clear whether
there are any shared components
with the pericentriolar material
besides g-tubulin. Unfortunately,
such cross-species comparisons will
be complicated by the poor sequence
conservation of pericentriolar
Dispatch
R231material proteins. Ultimately, a full
understanding of the relationship
between spindle pole bodies and
other yeast MTOCs and the animal
centrosome will require the study of
fungi that have retained cilia and
thus centrioles [10], species which
have so far not attracted any recent
attention.
One notable similarity between
rMTOCs and centrosomes is that both
link the cell nucleus to the microtubule
cytoskeleton. Remarkably, the same
players appear in both contexts: thus,
SUN domain proteins together with
their KASH domain partners (Sad1 and
Kms1 in S. pombe) span the nuclear
envelope and function in meiotic
chromosome movements and nuclear
migration in species as diverse as
yeast, Dictyostelium, C. elegans,
Drosophila and vertebrates [11,12].
The microtubule minus end-directed
motor cytoplasmic dynein and its
associated proteins, including LIS1 and
NudE (of which Hrs1/Mcp6 is the
putative S. pombe ortholog), are other
conserved features [13]. While SUN
domain proteins face the nucleoplasm
and provide a link to chromosomes,
KASH domain proteins are exposed
to the cytoplasm and connect to
various cytoskeletal features, including
the centrosome. Finally, cytoplasmic
dynein provides the force for
centrosome and/or nuclear movement.
Disrupting any one of these
components is sufficient to disconnect
centrosomes from the nucleus,
although the centrosome retains
microtubule organizing activity
(e.g., [14]). Whether this is also the
case for the rMTOC remains to be
determined.With progression through meiosis
requiring the timely assembly and
disassembly of various microtubule
structures (Figure 1), there is only
a narrow window within which
rMTOC-mediated formation of a radial
microtubule array is needed. This
suggests that formation of the
rMTOC is tightly regulated. Indeed,
Hrs1/Mcp6, the key component of
the rMTOC, is specifically expressed
during meiotic prophase and is subject
to strict downregulation at
the transition from meiotic prophase to
metaphase of the first meiotic division.
Both phosphorylation and degradation
of Hrs1/Mcp6 contribute to rMTOC
inactivation at the end of meiotic
prophase to facilitate reorganization of
microtubules into a bipolar spindle [4].
Ectopic expression of Hrs1/Mcp6
interferes with bipolar spindle
formation, highlighting the importance
of controlling Hrs1/Mcp6 activity [4].
In the future, it will be important to
elucidate more details about the
regulation of Hrs1/Mcp6, namely,
the identity of the kinase that
phosphorylates Hrs1/Mcp6, when this
phosphorylation occurs, and how it
affects Hrs1/Mcp6 function.References
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DOI: 10.1016/j.cub.2012.02.036Neuroimaging: A Scanner, ColourfullyTwo recent studies report changes in human brain responses after exposure
to psilocybin, the active ingredient of hallucinogenic mushrooms. Psilocybin
increased sensory cortex responses during emotional recollection, but
decreased resting-state blood flow in prefrontal cortex, with potential
implications for treating depression.Jonathan P. Roiser1,*
and Geraint Rees1,2
The psychological effects of
hallucinogenic, or ‘magic’ mushrooms
were first documented in the medicalliterature in 1799 [1]: a forty year-old
father of four, JS, collected wild
mushrooms in London’s Green Park
and cooked them as a stew for
breakfast for himself and his four young
children. The apothecary EverardBrande described what happened
then: ‘‘Edward, one of the children
(eight years old), who had eaten a large
proportion of the mushrooms, as they
thought them, was attacked with fits
of immoderate laughter, nor could the
threats of his father or mother refrain
him. To this succeeded vertigo, and
a great deal of stupor, from which he
was roused by being called or shaken,
but immediately relapsed. [.] he
sometimes pressed his hands on
different parts of his abdomen, as if in
pain, but when roused and interrogated
as to it, he answered indifferently, yes,
